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(57) A tethered knee bolster panel (28) which is 
deployed rearward in the passenger compart- 
ment of an automotive vehicle during a crash to 
provide lower torso restraint. The knee bolster 
includes an air bag system (22, 24, 26) which 
propels the knee bolster panel rearward during 
deployment. The activated knee bolster allows 
automobile designers the flexibility to provide 
increased leg room in the vehicle while main- 
taining the same level of safety during a crash. 
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The present invention relates to automotive safe- 
ty restraint devices and more particularly, to an im- 
proved knee bolster which is deployed rearwardly in 
a vehicle during a crash to provide lower torso re- 
straint. 

2. Description of the Prior Art 

Automotive vehicles provided with safety re- 
straint devices including inflatable air bags are cur- 
rently being designed with a stationary panel, located 
on a downward and forwardly inclined portion of the 
instrument panel, which panel acts as a knee crush 
zone. The portion of the instrument panel enclosed in 
the knee crush zone is classified as a "knee bolster." 
During a crash, momentum causes the occupant to 
move forward and the legs of the occupant contact 
the knee bolster. This prevents or stops the occupant 
from submarining underneath the inflated air bag. 
Th knee bolster then deforms or crushes under the 
load, absorbing energy and minimizing the forces act- 
ing on the occupant's legs. 

Inflatable air bag devices that have heretofore 
been proposed are located in the passenger compart- 
ment of automotive vehicles and act as a cushion 
when deployed to safely restrain passengers in the 
event of a crash. Such devices comprise an inflatable 
air bag module stored behind the instrument panel of 
the vehicle. An inflatable air bag cushion deployed 
from an air bag module located behind the instrument 
panel is positioned to absorb the momentum and 
thereby protect a seated passenger. 

The onset of a crash is detected by a sensor 
which activates an inflation device, which device is in- 
ternally located in the air bag module and produces a 
flow of inflating gas into the inflatable air bag. This 
causes the air bag to be deployed as a protective 
cushion for the occupants within the vehicle passen- 
ger compartment. 

As installed behind the vehicle instrument panel, 
the inflatable air bag is in folded condition. The folded 
air bag and the inflation device are contained within 
a reaction canister of the air bag module, which can- 
ister is provided with a generally rectangular cover. 
The cover also comprises the cover or door for an air 
bag deployment opening that is formed in a portion of 
the instrument panel. 

The use of a crushable stationary panel on the in- 
strument panel of an automotive vehicle to provide a 
kn e crush zone or bolster is disadvantageous. This 
is because the reduction in the distance between the 
occupant's kne s and the instrument panel detracts 
from and diminishes the amount of leg room and the 
feeling of roominess the occupant would pr fer to re- 
tain. 

Thus there has existed a need and a demand for 
a better solution to this problem. The present inven- 
tion was devised to fill the technological gap that has 
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xist d in th art in this respect. 

An object of the invention is to provide an auto- 
motive safety restraint device comprising an air bag 
activated tethered panel or knee bolster which is de- 

5 ployed rearward in the vehicle during a crash to pro- 
vide lower torso restraint 

Another object of the invention is to allow automo- 
tive vehicle designers the flexibility to provide in- 
creased leg room for the occupant without increasing 

10 the potential for injury during a crash. 

A further object of the invention is to lower the de- 
ployment velocity of the air bag activated panel or 
knee bolster to reduce the potential for injury to an 
out-of-position occupant. 

15 Still another object of the invention is to provide 

a knee bolster comprising a knee impact panel which 
is pivotally supported along its upper edge and is de- 
ployed and restrained by an air bag system. 

In accomplishing these and other objectives of 

20 the invention there is provided an activated knee bol- 
ster panel which is deployed during a crash to provide 
lower torso restraint. The activated knee bolster is an 
air bag system, an inflator and inflatable air bag or 
cushion, that when inflated, pushes or propels the 

25 panel rearward in the automobile. The occupant's 
knees hit the panel during a crash and slow the for- 
ward motion of the lower torso. The knee bolster pan- 
el is located at a downward and forwardly inclined 
portion of the instrument panel. During deployment, 

30 pressure acting on the back of the panel from the in- 
flating air bag creates a force sufficient to separate 
the panel from the instrument panel. This allows the 
rearward movement of the panel. Tethers limit the 
rearward movement of the panel during deployment. 

35 The inflated air bag (vented or unvented) in combin- 
ation with the tethers position the panel in the proper 
location. The inflated air bag resists the rearward 
movement of the panel during occupant impact. The 
inflatorused to inflate the air bag can be a pyrotechnic 

40 or stored gas type of inflator. The cushion can be fab- 
ricated from nylon or polyester cloth. 

The various features of novelty which character- 
ize the invention are pointed out with particularity in 
the claims annexed to and forming a part of this spec- 

45 if ication. For a better understanding of the invention, 
its operating advantages, and specific objects at- 
tained by its use, reference is made to the accompa- 
nying drawings and descriptive matter in which a pre- 
ferred embodiment of the invention is illustrated. 

so With this description of the invention, a detailed 

description follows with reference being made to the 
accompanying figures of drawing which form part of 
the sp cification, in which like parts are designated 
by the same reference numerals, and of which: 

55 Fig. 1 is a schematic side view illustration typify- 

ing the prior art kn e bolsters comprising a de- 
formable or crushable stationary panel located 
on the vehicle instrument panel; 
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Fig. 2 is a schematic side illustration of an acti- 
vated knee bolster according to the invention; 
Fig. 3 is a schematic side view of an activated 
kn e bolst r according to the inv ntion provided 
with tethers to limit the rearward movement of the 5 
panel during deployment and including a stabiliz- 
ing positioning tether; 

Fig. 4 is an isometric or perspective view prior to 
deployment of the knee bolster shown in Fig. 3; 
Fig. 5 is a cross sectional view of the Fig. 3 knee 10 
bolster prior to deployment and illustrates the ar- 
rangement of the normally stored inflatable air 
bag and internally located; 
Fig. 6 is a schematic view showing a modified 
way to attach the activated knee bolster panel to 15 
the knee bolster housing; 

Fig. 7 is a view illustrating a tear tab used in the 
modified attachment arrangement shown in Fig. 
6; 

Fig. 8 is a schematic side illustration showing in 20 
retracted position a hinged knee impact panel 
which is pivotally supported along its upper edge 
and is deployable by an air bag system; and 
Fig. 9 is a schematic side illustration showing in 
deployed position the hinged knee impact panel 25 
of Fig. 8. 

Fig. 1 schematically illustrates the passenger 
compartment 10 of an automotive vehicle. Arranged 
within the compartment 10 are an instrument panel 
1 2 and the forward I y extended leg 14 of an occupant 30 
(not shown) seated in the compartment 10. 

In Fig. 1 the portion 16, indicated in dotted lines 
on the rearward facing side of the instrument panel at 
a downward forwardly inclined portion thereof and en- 
cased in a knee crush zone 1 8, is classified as a knee 35 
bolster. During a crash the occupant moves forward 
and the occupant's legs contact the knee bolster 16, 
preventing or stopping the occupant from submarin- 
ing under the inflated cushion (not shown) of the as- 
sociated air bag device. The knee bolster 1 6 then de- 40 
forms or crushes under the load, absorbing energy 
and minimizing the forces acting on the occupant's 
legs. 

Referring to Fig. 2, an activated knee bolster 20 
is shown positioned on the downward forwardly in- 45 
dined portion of the rearward facing side of the vehi- 
cle instrument panel 12. The activated knee bolster 
20 includes a reaction canister or housing 22, an in- 
flator 24, an inflatable air bag 26 that is stored within 
the reaction canister 22, and a knee bolster panel 28. 50 
Housing or reaction canister 22 is a wide, shallow, 
pan-shaped vessel. The knee bolster panel 28 com- 
prises the door for an air bag deployment opening that 
is formed in a portion of the instrument panel 1 2 of the 
automotive vehicle. In Fig. 2 the knee bolster panel 28 55 
also is shown by dotted lines in a deployed position 
closer to the leg 14 of the occupant. Panel 28 is at- 
tached to the housing 22 by attaching means com- 



prising plastic fasteners such as push-in rivets 30, or 
any other suitable means. By such attachment the 
knee bolster panel 28 is positioned in closing relation 
to the opening for air bag deployment that is formed 
in a portion of the instrument panel 12 of the vehicle. 

The activated knee bolster 20 is located on the 
passenger side or driver side of the vehicle. It encom- 
passes the entire area where an occupant's knees 
contact the instrument panel during a crash. The ap- 
proximate dimensions of the bolster panel 28 are 
10"x20". 

During a crash the knee bolster panel 28 deploys 
rearwardly in the vehicle, as illustrated in Fig. 2. This 
reduces the distance between the occupant's knees 
32 and the knee bolster panel 28, resulting in a lower 
force acting on the legs of the occupant during impact 
thereof with the knee bolster panel 28. 

Use of an activated knee bolster 28 allows auto- 
motive designers the flexibility to increase the dis- 
tance between the occupant and the instrument pan- 
el 12 without compromising on safety. 

As shown in Fig. 3, support members or mounting 
brackets 34 are located within a cavity 36 behind the 
instrument panel 12 by any suitable means, being at- 
tached to an integral element of the automotive vehi- 
cle, or optionally, comprising such integral elements 
themselves if in proper location to permit such use 
thereof. 

Activated knee bolster 20, comprising reaction 
canister 22, inf lator or gas generator 24, inflatable air 
bag 26 and knee bolster panel 28, is fastened to the 
mounting brackets 34 at a position behind the instru- 
ment panel 12 at a forward downward sloping portion 
thereof. 

Infiator 24 may be a pyrotechnic type, as dis- 
closed, for example, in U. S. Patent No. 4,943,086 to 
Donald J. Cunningham, which patent is assigned to 
the assignee of the present invention. As shown in 
Fig. 5, infiator 24 is characterized in that the gas gen- 
erated thereby flows generally radially outwardly 
from a plurality of ports 38. The ports 38 are arranged 
at substantially equal intervals around the circumfer- 
ence of the infiator portion 40, which portion 40 is 
substantially circular in transverse cross section and 
is contained in sealed relation within the infiator air 
bag 26. 

The air bag 26 may be made of coated or unseat- 
ed nylon or polyester cloth material. 

As indicated in Fig. 3, when deployed the air bag 
26 is tubular in shape having a rectangular cross sec- 
tion. At one end of the tubular arrangement thereof, 
the air bag 26 is securely attached in any suitable 
sealing conventional manner, as by means of a suit- 
able retaining ring 42, to the reaction canister 22 , in- 
ternally and adjacent th periphery thereof. At the 
other end thereof the air bag 26, when deployed, en- 
gages the forward facing wall 44 of the knee bolster 
panel 28. 
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When installed in the automotive vehicle, as illu- 
strated in Fig. 5, the air bag 26 is suitably folded and 
stored in the housing or reaction canister 22 between 
the inflator 24 and the pan I 28. 

As previously mentioned, the invention is a teth- 
ered panel knee bolster which is deployed rearward 
in the vehicle during a crash to provide lower torso re- 
straint. The knee bolster is an air bag system which 
propels the panel 28 rearward during deployment. 

During deployment, pressure acting on the back 
of the panel 28 from the inflating air bag 26 creates 
a force sufficient to separate the panel 28 from the 
housing 22. This allows the rearward movement of 
the panel 28. The inflated air bag 26 resists the rear- 
ward movement of the panel 28 during occupant im- 
pact. 

Tethers are provided, in accordance with the in- 
vention, to provide additional forces to resist the pro- 
pelled or rearwardly urged movement of the panel 28 
when activated. Each of the tethers employed com- 
prises a polyester or nylon strap about one (1) inch 
wide and a thickness of fifty thousandths to one-tenth 
of an inch. 

As shown in Figs. 3 and 5, spaced parallel tethers 
46 and 48 and a diagonal or positional tether 50 are 
located internally of the inflatable air bag 26. One end 
of ach of the tethers 46, 48 and 50 is securely attach- 
ed to the reaction canister or housing 22 by the retain- 
ing ring 42. The other end of each of the tethers 46, 
48 and 50 is attached to the forward facing side of the 
panel 28 by a retaining ring 52 which is positioned in- 
ternally of the air bag 26. The inflating gas inlet or 
mouth of the air bag 26 is also attached to the housing 
22 by the retaining ring 42. 

The spaced parallel tethers 46 and 48 and the 
positional tether 50 are contained inside of the inflat- 
able air bag or bladder 26 so as not to interfere with 
the deployment of the inflating air bag. The diagonal 
or positional tether 50 is used to position the panel 28 
in the proper location. The positional tether 50 adds 
stability to the system during impact and positions the 
panel 28 in the proper location. Ideally, the positional 
tether 50 is taut when in the retracted position, as in- 
dicated in Fig. 5. The tether 50 does not, however, 
need to be taut in the retracted position to position the 
panel 28 and provide stability. 

The retaining ring 52 may be "E" shaped so that 
all of the tethers 46, 48 and 50 are attached to the for- 
ward facing side 44 of the knee bolster panel 28 at a 
position substantially midway the width thereof. 

The positional tether 50 provides the following 
advantages: 

(1) r duces the impact loading on the tethers 
since the panel 28 is forced to move along an arc 
determined by the length of the tether 50; 

(2) minimizes vertical distance that th panel 28 
travels during deployment that is, minimizes the 
degree to which the panel 28 will be out-of-posi- 
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tion; and 

(3) increases the stability of the panel 28 during 

occupant loading. 
The inflated air bag 26 provides support to the entire 
5 surface area of the panel 28. Tethers 46 and 48 are 
attached to the panel 28 and the housing 22 at posi- 
tions midway the width thereof. 

Figs. 6 and 7 illustrate a modification in the at- 
tachment of the knee bolster panel 28 to the housing 
10 22. Instead of utilizing plastic fasteners such as rivets 
and studs 30, as shown in Fig. 2, there are provided 
two tear tabs 54 and 56 which may extend along the 
opposed vertical walls of the housing 22 for the f ul]_ 
length thereof, being attached thereto by rivets 58, 
15 which tear tabs 54 and 56 are attached in a suitable 
manner to the forwardly extending wall 44 of the panel 
28. 

Tear tabs 54 and 56, as employed in Fig. 6, are 
shown in greater detail in Fig. 7. As shown in Fig. 7, 

20 each of the tear tabs 54 and 56 includes perforated 
tear areas 60 and spaced holes 62 for facilitating at- 
tachment by rivets 58 to the walls of the housing 22. 
The tear strength of the tear tabs 54 and 56 can be 
varied by changing the distance between the perfo- 

25 rated tear areas 60. 

In Fig. 8 there is shown a schematic side illustra- 
tion, in retracted position, of another embodiment of 
the invention. Arranged within the compartment 64 of 
an automotive vehicle are an instrument panel 66 and 

30 the forwardly extended leg 68 of an occupant (not 
shown) seated in the compartment 64. 

An activated knee bolster 70 is shown in Fig. 8 
positioned on the downward forwardly inclined por- 
tion of the rearward facing side of the instrument pan- 

35 el 66. The activated knee bolster 70 comprises a pan- 
el 72, hinged at an upper edge thereof, as shown in 
Figs. 8 and 9, and which is deployed and restrained 
by an air bag system including an inflator 74, a reac- 
tion canister or housing 76, and an air bag or cushion 

40 78. The housing 76 is attached to the automotive ve- 
hicle by suitable bracket means 77. 

When the air bag is deployed, as shown in Fig. 9, 
the hinged panel 72 swings counterclockwise on a 
hinge 80. This allows the unhinged panel portion to 

45 move, that is, generally tilt rearward counterclock- 
wise in the vehicle minimizing the space between the 
leg 68 of the occupant and the panel 72. The hinge 80 
may be attached to a bracket that is attached to and 
rigid with the vehicle or to a cross car beam (not 

so shown) provided in the vehicle. During a crash the oc- 
cupant's knees hit the panel 72 and slow the forward 
motion of the lower torso of the occupant. The knee 
bolster panel 72 is attached to the instrument panel 
66 of the automotive vehicle using the hinge mecha- 

55 nism 80. During deployment pressure acting on the 
back of the panel 72 from the inflating air bag 78 cre- 
ates a force sufficient enough to deploy the panel 72. 
One or more tether straps 82 are attached, internally 

4 
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of the air bag 78 between the lower edge of the panel 
72 and the housing 76 to limit the rearward movement 
of the panel 72 during deployment. The inflated air 
bag 78 (vented or unvented) in combination with the 
tethers 82 position the panel 72 in the proper location. 
The inflated air bag 78 then resists the rearward 
movement of the panel 72 during occupant impact. 
The inflator 74 used to inflate the air bag 78 can be a 
pyrotechnic or stored gas type of inflator. The hinge 
80 can be a standard "door" type of hinge or a single 
piece deformable type hinge. The air bag 78 can be 
either rectangular or wedge shaped which is fabricat- 
ed from nylon or polyester cloth material. 

To lower the deployment velocity of the hinged 
panel 72 and reduce the potential for injury to an out- 
of-position occupant, a single piece deformable hinge 
80 is used. Alternative methods of reducing the panel 
velocity are to use an elastic material for the tethers 
82 or to attach an elastic material to the cloth tethers 
to absorb energy during deployment used in conjunc- 
tion with the deformable hinge 80 or the standard 
"door" hinge. 

Thus, in accordance with the invention, there has 
been provided an automotive safety restraint device 
comprising an air bag activated tethered panel or 
knee bolster which is deployed rearward in the vehi- 
cle during a crash to provide lower torso restraint. 
Tethers limit the rearward movement of the knee bol- 
ster panel during deployment. 



Claims 

1 . An air bag activated knee bolster (20) which is de- 
ployed in an automotive vehicle during a crash to 
provide lowertorso restraint for an occupant seat- 
ed therein comprising, 

a support member (34) located behind a 
downward and forward ly inclined portion of the 
instrument panel (12) of the vehicle, 

a housing (22) securely mounted to said 
support member, 

an inflator (24) mounted in said housing, 

a folded air bag (26) stored in said hous- 
ing, 

a knee bolster panel (28) for said inflator 
and said air bag stored in said housing, said panel 
also comprising the door for an air bag deploy- 
ment opening that is formed in a portion of the in- 
strument panel of said automotive vehicle, 

attaching means (30) positioning said 
knee bolster panel in the air bag deployment 
opening that is formed in a portion of the instru- 
ment panel (12) of the automotive vehicle, and 

tether means (46, 48, 50) to limit the rear- 
ward movement of said knee bolster panel during 
deployment whereby the inflated air bag in com- 
bination with said tether means positions said 
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knee bolster panel in the proper location to pro- 
vide lower torso restraint for the occupant seated 
in said vehicle. 

5 2. An air bag activated knee bolster, as defined in 
claim 1, 

wherein said attaching means (30) com- 
prises means attaching said knee bolster panel 
(28) to said housing (22). 

10 

3. An air bag activated knee bolster, as defined by 
claim 2 wherein said attaching means (30) com- 
prises plastic fasteners. 

15 4. An air bag activated knee bolster, as defined by 
claim 3 wherein said plastic fasteners (30) com- 
prise push-in rivets designed to break at a prede- 
termined force. 

20 6. An air activated knee bolster, as defined by claim 
2, wherein said attaching means comprises tear 
tabs (54, 56) having perforated tear areas (60) 
designed to break at a predetermined force at- 
taching said knee bolster panel to said housing 

25 (22). 

6. An air bag activated knee bolster, as defined by 
any one of claims 2 to 5, wherein upon activation 
of said inflator (24) and deployment of said air 

30 bag (26), pressure acting on the back of said knee 

bolster panel (28) from the inflating air bag create 
a force sufficient to separate said knee bolster 
panel from said housing (22), thereby allowing 
rearward movement of said knee bolster panel 

35 during deployment. 

7. An air bag activated knee bolster, as defined by 
any preceding claim, wherein said tether means 
(46, 48, 50) comprises a polyester strap about2.5 

40 cm (one inch) wide. 

8. An air bag activated knee bolster, as defined by 
any one of claims 1 to 6, wherein said tether 
means (46, 48, 50) comprises a nylon strap about 

45 one inch wide. 

9. An air bag activated knee bolster as defined by 
claim 7 or claim 8 wherein the strap has a thick- 
ness of 1 .27 to 2.54 mm (fifty thousandths to one 

50 tenth of an inch). 

10. An air bag activated knee bolster as defined by 
any preceding claim wherein when inflated the 
cross section of said air bag (26) is that of a rec- 

55 tangle, and wh rein said teth r means (46, 48, 

50) comprises a polyester or nylon strap folded 
back and forth between said housing and said 
knee bolster panel (28). 

5 
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11. An air bag activated knee bolster as defined by 
any preceding claim wherein said air bag (26) is 
fabricated from nylon cloth. 

12. An air bag activated knee bolster as defined by 5 
any one of claims 1 to 10 wherein said air bag is 
fabricated from polyester cloth material. 

13. An air bag activated knee bolster as defined by 

any preceding claim wherein said tether means 10 
includes a pair of spaced parallel tethers (46, 48) 
and at least one diagonal tether (50) to position 
and stabilize said knee bolster panel (28). 

14. An air bag activated knee bolster as defined by 15 
claim 13 wherein said diagonal tether (50) is so 
arranged as to be taut when said knee bolster 
panel is in a retracted position. 

15. An air bag activated knee bolster as defined by 20 
claim 1 wherein said attaching means comprises 
means (80) attaching said knee bolster panel (72) 

in hinged closing relation to the door for air bag 
deployment opening that is formed in a portion of 
the instrument panel (66) of the automotive vehi- 25 
cle. 



16. An air bag activated knee bolster. as defined by 
claim 15 wherein said means attaching said knee 
bolster panel in hinged closing relationship to the 30 
door for air bag deployment opening comprises a 
single piece of deformable hinge (80) connecting 

the upper edge of said knee bolster panel (72) to 
vehicle attached support means (66). 

35 

17. An air bag activated knee bolster as defined by 
claim 16 wherein said tether means comprises 
one or more tether straps (82) attached between 
a lower edge of said knee bolster panel (72) and 

j said housing (76). 40 



18. An air bag activated knee bolster as defined by 
claim 17 further including means to reduce the 
deployment velocity of the knee bolster panel 
comprising the use of elastic material for said one 45 
or more tethers (82) to absorb energy during de- 
ployment. 



55 
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